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FKHPLFDO DQDO\VLV ZKHUH ZH DUH LQWHUHVWHG WR PL[ GLIIHUHQW FKHPLFDOV %HUWKLHU HW DO  LQGLFDWHG WKDW LQ
PLFURVFDOH IORZVWXUEXOHQWHIIHFWVDUHDEVHQWDQGIORZVDUHLQKHUHQWO\ODPLQDUEHFDXVHRIWKHVPDOO OHQJWKVFDOHRI
WKH V\VWHP 0L[LQJ EHFDPH YHU\ FKDOOHQJLQJ GXH WR WKLV KLJK GHJUHH RI ODPLQDU QDWXUH DQG SULPDULO\ GXH WR
GLIIXVLRQ
:RQJHWDO KDYHGLVFXVVHG WKDWWKHIORZDQGPL[LQJRIVSHFLHVEHWZHHQ WZR LQFRPSUHVVLEOH1HZWRQLDQ
IOXLGVDUHJRYHUQHGE\1DYLHUVWRNHVHTXDWLRQFRQWLQXLW\HTXDWLRQDQGFRQYHFWLRQGLIIXVLRQHTXDWLRQDVVKRZQLQ
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0LFURPL[HUVDUHFDWHJRUL]HG LQWR WZRDFWLYHDQGSDVVLYH %HUWKLHUHWDO KDYHGLVFXVVHGDERXW GLIIHUHQW
FDWHJRULHV RIPLFURPL[HUV $FWLYHPLFURPL[HUXVH DFWXDWHGGHYLFHV IRUPL[LQJZKHUHDVSDVVLYHPLFURPL[HUVXVH
RQO\WKHHQHUJ\RIWKHIORZDQGVSHFLDOJHRPHWULFDOGHVLJQVHQKDQFLQJPL[LQJRIVSHFLHV+HUHVSHFLHVWUDQVSRUWLQ
SDVVLYH PLFURPL[HUV HPSOR\LQJ JHRPHWULFDO IHDWXUHV OLNH REVWUXFWLRQV IRU LPSURYLQJ WKH PL[LQJ LV QXPHULFDOO\
LQYHVWLJDWHG )RXU GLIIHUHQW PRGHOV RI PLFURPL[HUV ZHUH FRQVLGHUHG E\ YDU\LQJ JHRPHWULF IHDWXUHV ZKLFK DUH
GHVFULEHG LQ IXUWKHU VHFWLRQV/DPLQDU IORZ UHJLPHZDV FRQVLGHUHG IRU DOO WKH FDVHV DQG WKH0L[LQJ 3HUIRUPDQFH
03ZDV FDOFXODWHGE\YDU\LQJ5H\QROGVQXPEHUWR
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)DEULFDWLRQ SURFHVVHV OLNH KRW HPERVVLQJ PLFUR PROGLQJ WKHUPRIRUPLQJ VXUIDFH PLFUR PDFKLQLQJ





IRUWKHIDEULFDWLRQRIPLFURPL[HU ZKLFKKDG DVWDJHWUDYHUVHUDQJHRI PPDORQJDOOWKUHHD[HV7KHPLFURPL[HU
VL]HKDVWREHZLWKLQWKDWVL]HDQGZDVFRQVLGHUHGZKLOHGHVLJQLQJPLFURPL[HUPRGHOV
 'HVLJQDQG$QDO\VLV




)RXU GLIIHUHQW PLFURPL[HU PRGHOV ZHUH FRQVLGHUHG IRU VLPXODWLRQ RI IORZ DQG PL[LQJ )LJ  GHSLFWV WKH
VFKHPDWLFRIPLFURPL[HUPRGHOV$OOWKHPRGHOVKDYHWZRLQOHWFKDQQHOVDQGRQHPDLQFKDQQHOZLWKDQRXWOHW
)LJ)OXLGLFFKDQQHOVRIPLFURPL[HUPRGHOV DPRGHOEPRGHOFPRGHOGPRGHO




IRUHQKDQFLQJ WKHPL[LQJ ,QPRGHO WKHPDLQFKDQQHORI WKHPLFURPL[HUKDYHREVWUXFWLRQVRI LQFRPSOHWHFLUFOH
VKDSH 6TXDUH VKDSHG REVWUXFWLRQV DUH WKHUH LQ WKHPDLQ FKDQQHO RI0LFURPL[HUPRGHO  ,QPRGHO  ILQ VKDSHG
REVWUXFWLRQV DUH SODFHG LQ WKH PDLQ FKDQQHO RI WKH PLFURPL[HU 'LPHQVLRQV RI IOXLGLF FKDQQHOV RI GLIIHUHQW
PLFURPL[HUPRGHOVDUHVKRZQLQ)LJ
)LJ  6FKHPDWLFVKRZLQJGLPHQVLRQV PP RIPLFURPL[HUPRGHOV D PRGHOE PRGHOFPRGHO
7KH'PRGHOJHRPHWULHVZHUHPHVKHGXVLQJ$16<6,&(0&)' DQGWKHPRGHOVZHUHGHVFUHWL]HGLQWRTXDG




PHVKLQJ WKHPRGHOV LQWR ILQLWHQXPEHURIFHOOV$QDO\VLVRIPL[LQJRI IOXLGV LQGLIIHUHQWPLFURPL[HUPRGHOVZDV
FDUULHGRXWLQE\&RPSXWDWLRQDO)OXLG'\QDPLFV&)'XVLQJ)/8(17
6LPXODWLRQVZHUH FDUULHGRXW DVVXPLQJ VWHDG\ VWDWH IORZDQG WKH VROYHUZDV VHW SUHVVXUHEDVHG)ORZ WKURXJK
PLFURFKDQQHOV LV ODPLQDU LQ QDWXUH GXH WR VPDOOHU GLPHQVLRQV 7KXV ODPLQDU PRGHO ZDV VHOHFWHG IRU VLPXODWLRQ
1DKHUHWDODQG)OXHQW,QF KDYHGHVFULEHGWKHVSHFLHVWUDQVSRUWPRGHO WRVROYHWKHVSHFLHVWUDQVSRUW
HTXDWLRQV 6SHFLHV WUDQVSRUWPRGHOZLWKRXW UHDFWLRQVZDV DSSOLHG WR VROYH WKH VSHFLHV WUDQVSRUW HTXDWLRQV IRU WKH
ORFDOPDVV IUDFWLRQRIHDFKVSHFLHV L< WKURXJK WKH VROXWLRQRID VSHFLHVFRQYHFWLRQGLIIXVLRQHTXDWLRQIRU WKH L WK
VSHFLHV7KLVFRQVHUYDWLRQHTXDWLRQWDNHVWKHIROORZLQJJHQHUDOIRUP
LLLLL 65-<<W




:KHUH L5 LVWKHQHWUDWHRISURGXFWLRQRIVSHFLHV L E\FKHPLFDOUHDFWLRQDQG L6 LVWKHUDWHRIFUHDWLRQE\DGGLWLRQ
IURPWKHGLVSHUVHGSKDVHSOXVDQ\XVHUGHILQHGVRXUFHV L- LVWKHGLIIXVLRQIOX[RIVSHFLHV L ZKLFKDULVHVGXHWRWKH
FRQFHQWUDWLRQJUDGLHQWV$QHTXDWLRQRIWKLVIRUPLVVROYHGIRU 1 VSHFLHVZKHUH 1 LVWKHWRWDOQXPEHURIIOXLG
SKDVHFKHPLFDO VSHFLHVSUHVHQW LQ WKH V\VWHP ,Q WKLVQXPHULFDO VWXG\ WKHUHDUH WZR IOXLGSKDVHFKHPLFDO VSHFLHV
SUHVHQWLQWKHV\VWHP
531 S. Sidharthan et al. /  Procedia Materials Science  5 ( 2014 )  527 – 534 
6LQFHWKHLQYHVWLJDWLRQ LVFRQILQHGWRWKHHQKDQFLQJRIPL[LQJE\YDU\LQJGHVLJQWKHIOXLGLQMHFWHGWRERWKWKH


























:KHUH LP LV WKH PDVV IUDFWLRQ LQ WKH L WK FHOO Q LV WKH QXPEHU RI FHOOV DQG P LV WKH DYHUDJH PDVV IUDFWLRQ
DFURVVWKHVHFWLRQ
 ([SHULPHQWDWLRQ
0LFURVWHUHROLWKRJUDSK\ ȝ6/ LV D QRYHO PLFUR PDQXIDFWXULQJ SURFHVV WKDW IDEULFDWHV ' PLFURVWUXFWXUHV E\
SRO\PHUL]LQJ SKRWRVHQVLWLYHPRQRPHU XVLQJ OLJKW LUUDGLDWLRQ LQ D OD\HUE\OD\HU IDVKLRQ 6KDIHHTXH HW DO 
KDYHGLVFXVVHGDERXWVFDQQLQJEDVHGPLFURVWHUHROLWKRJUDSK\LQKLVZRUN
)LJ 0LFURVWHUHOLWKRJUDSK\VHWXSDW&07,
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6FDQQLQJ EDVHG PLFURVWHUHROLWKRJUDSK\ V\VWHP )LJ  FRPSULVHV RI DQ DUJRQ LRQ ODVHU ZKLFK LV WXQHG IRU
HPLWWLQJQPPRQRFKURPDWLF89EHDP$QDFRXVWLFRSWLFPRGXODWRU$20LVXVHGIRUVHOHFWLQJWKHSUHIHUUHG
RUGHURIGLIIUDFWLRQRIWKHODVHUEHDPRSWLFDOPLUURUVIRUJXLGLQJWKHSDWKRIODVHUPPGLDPHWHU YDULDEOHDSHUWXUH
IRU WXQLQJ WKHEHDPVSRWGLDPHWHUDEHDPH[SDQGHU IRUH[SDQGLQJ WKH ODVHUEHDP89WUDQVSDUHQW IRFXVLQJ OHQV
DQG ;<= FRXSOHG OLQHDU WUDQVODWLRQDO VWDJHV ZLWK ;36 PRWLRQ FRQWUROOHU ,Q WKLV VHW XS YHFWRU E\ YHFWRU
IDEULFDWLRQRI HDFK OD\HU RI SRO\PHU LV REWDLQHGE\PRYLQJ WKHSUHFXUVRU DORQJ;<=GLUHFWLRQE\ IRFXVLQJ WKH
IL[HG89ODVHUEHDP
&RPPHUFLDOO\DYDLODEOH +H[DQHGLROGLDFU\ODWH  +''$6LJPD$OGULFK86$ZDV WDNHQDVPRQRPHU














)LJ  0DVVIUDFWLRQFRQWRXURIOLTXLG$PRGHODW5H 
0LFURPL[HUPRGHOV ZLWK REVWUXFWLRQV VKRZV IDU EHWWHUPL[LQJ SHUIRUPDQFH WKDQ VLPSOHPRGHOV ZLWKRXW
REVWUXFWLRQV 'LIIHUHQW0LFURPL[HUPRGHOVDUHFRPSDUHGLQWHUPVRIPL[LQJSHUIRUPDQFHDORQJ WKHPL[LQJFKDQQHO
0L[LQJ3HUIRUPDQFHVRIPLFURPL[HUPRGHOVDW5H SORWWHG LQ WKH)LJ  E )URPWKH ILJXUH LW LVFOHDU WKDW
PLFURPL[HUPRGHOZLWKVTXDUHVKDSHGREVWUXFWLRQVJDYHEHWWHUPL[LQJDVFRPSDUHGWRRWKHUPRGHOV
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)LJ D 0L[LQJSHUIRUPDQFHRIPRGHOZKLOHYDU\LQJ5H\QROGVQXPEHUE 0L[LQJSHUIRUPDQFHRIGLIIHUHQWPLFURPL[HUPRGHOVDW5H 
0LFURPL[HUPRGHOVZHUH IDEULFDWHGE\PLFURVWHUHROLWKRJUDSK\SURFHVV DQG FRQIRFDOPLFURVFRSH LPDJHRI RQH
IDEULFDWHGPRGHOPRGHOLVVKRZQLQILJ
)LJ &RQIRFDO PLFURVFRSH LPDJHRIIDEULFDWHGPLFURPL[HUPRGHOXVLQJPLFURVWHUHROLWKRJUDSK\SURFHVV
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 &RQFOXVLRQ
)ORZ DV ZHOO DV PL[LQJ LQ GLIIHUHQW PLFURPL[HU PRGHOV ZHUH QXPHULFDOO\ DQDO\]HG XVLQJ FRPPHUFLDO &)'
VRIWZDUH)/8(17)URPQXPHULFDOVWXG\LWZDVFRQFOXGHGWKDW WKHPLFURPL[HUPRGHOPLFURPL[HUZLWKVTXDUH
VKDSHG REVWUXFWLRQVJLYHV KLJKHUHIILFLHQF\ PL[LQJ:LWKLQFUHDVLQJWKHYHORFLW\RIWKHLQOHWIOXLGVWKDWKDYHWREH
PL[HGHIILFLHQF\RIPL[LQJZDVUHGXFLQJ8VLQJPLFURVWHUHROLWKRJUDSK\SURFHVVRQHRIWKHPLFURPL[HUPRGHOVZDV
IDEULFDWHG 7KH FRQIRFDOPLFURVFRSH LPDJH UHYHDOV WKH GLPHQVLRQDO DFFXUDF\ RI WKH GHVLJQ 6LPLODU DWWHPSWV IRU
IDEULFDWLRQRIRWKHUPRGHOVZLOOEHPDGHZLWKRSWLPL]HGSDUDPHWHUVLQWKHIXWXUH
$FNQRZOHGJHPHQWV
7KH DXWKRU WKDQNV WKH 'LUHFWRULQFKDUJH WKH -RLQW GLUHFWRU DQG WKH UHVHDUFK FRPPLWWHH RI WKH &HQWUDO
0DQXIDFWXULQJ7HFKQRORJ\,QVWLWXWHIRUHYHU\VXSSRUWRIWKLVUHVHDUFKZRUN
5HIHUHQFHV
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